Study design: Single-blind, placebo control, randomized, crossover, experimental study with repeated measures. Objective: To determine the initial effects of a taping technique on grip strength and pain in individuals with lateral epicondylalgia. Background: Taping techniques are advocated for chronic musculoskeletal conditions such as lateral epicondylalgia, a prevalent disorder with significant impact on the individual and community. Little evidence exists supporting the effects of taping techniques on musculoskeletal pain. Methods and Measures: Sixteen participants (mean age ± SD, 45.8 ± 10.2 years) with chronic lateral epicondylalgia (mean duration ± SD, 13.1 ± 9.9 months) participated in a placebo control study of an elbow taping technique. Outcome measures were pain-free grip strength and pressure pain threshold taken before, immediately after, and 30 minutes after application of tape. Results: The taping technique significantly improved pain-free grip strength by 24% from baseline (P = .028). The treatment effect was greater than that for placebo and control conditions. Changes in pressure pain threshold (19%), although positive, were not statistically significant.
Lateral epicondylalgia is a relatively simple diagnostic entity to identify in the clinic, with the key physical examination features being reproduction of pain to direct palpation over the lateral epicondyle and pain provocation to tests of forearm extensor muscle function. 1, 10 In most cases there is also a deficit in strength in these muscles. 20 In the laboratory, 2 frequently used outcome measures are pressure pain thresholds 25, 26, 32, 34 and pain-free grip strength. 25, 26 These 2 tests mimic the clinic physical examination tests that are positive in the majority of cases of lateral epicondylalgia. The strong correlation between level of disability and deficits in pain-free grip strength testing, 20 along with its responsiveness to change and high reliability, has facilitated its use as an indicator of physical impairment and dysfunction not only in the laboratory but also in the clinical setting. 4, 26, 25 Stratford and Levy 25 have shown the pain-free grip strength test to be a more sensitive instrument of change than the maximum grip strength test.
Recent systematic structured reviews of randomised clinical trials of a range of interventions, including friction massage, ultrasound, acupuncture, orthotic therapy, shock wave therapy, oral non- Thank you for subscribing! steroidal anti-inflammatory medication, and surgery, have indicated that the literature does not support many of the recommended physical treatments of lateral epicondylalgia. 2, 3, 8, 9, 13, 18, 22, 27 Included in this reviewed literature were rehabilitation programs that included various forms of exercise therapy as 1 component of the program. Not evaluated in those reviews were 2 studies by Pienimaki et al, 19, 21 which specifically evaluated a progressive, graduated nonpainful exercise program in the management of chronic lateral epicondylalgia. These studies showed that, both in the short and long term, the exercise program was more efficacious than ultrasound therapy. 18, 19, 21 From the available evidence, it would seem that exercise is an important aspect of physical therapy management of chronic lateral epicondylalgia.
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McConnell 14 has proposed the application of tape as a means of alleviating pain, improving muscle function, and restoring functional movement patterns. Clinically, in musculoskeletal conditions, by minimizing the aggravation of symptoms during the performance of therapeutic exercise, the use of a taping technique may facilitate the compliance to exercise rehabilitation programs. Apart from the McConnell tape for patellofemoral pain syndrome, which has been shown to be effective by Gilleard et al, 7 no other such taping techniques have been evaluated. Not unlike patellofemoral pain, lateral epicondylalgia is a musculoskeletal pain state with a tendency to chronicity and dysfunction of the muscle system. The taping technique for the lateral elbow, if effective in reducing pain with forearm muscle activity, may be considered a useful adjunct to exercise in lateral epicondylalgia. To date, no documented evidence exists to support the use of taping techniques in lateral epicondylalgia.
The purpose of this study was to determine if the application of a taping technique for chronic lateral epicondylalgia would improve pain-free grip strength and pressure pain threshold immediately after application.
METHODS

Participants
Twelve men and 4 women (16 participants), aged between 24 and 61 years (mean ± SD, 45.8 ± 10.2 years) were recruited from responses to local area newspaper and radio media releases. Mean (±SD) duration of their chronic lateral epicondylalgia condition was 13.1 ± 9.9 months. Sixty-three percent of the participants presented with their dominant arm being the affected one. All participants underwent an initial assessment by a postgraduate tertiary qualified musculoskeletal physiotherapist who identified their suitability for this study and familiarized them with the testing procedures, equipment and positions, as to minimize the effect of learning on results.
Participants were included if they had pain over the lateral epicondyle, pain on grip strength testing, and pain with 1 of the following tests: extensor carpi radialis test (ie, resisted middle-finger extension), resisted wrist extension, or passive stretch of the wrist extensors. 1, 10, 29 In addition, to be included, participants had to abstain from any other form of treatment during their involvement in this study. Exclusion criteria were: allergies to adhesive tape, a recent steroid injection (6 weeks), any upper-limb neurological abnormalities on physical examination (eg, cervical neuropathy), a concomitant upper limb orthopaedic condition, or any concurrent treatment. All participants provided informed consent as approved by the Institutional Review Board of the University of Queensland Medical Research Ethics Committee.
Outcome Measures (Dependent Variables)
The outcome measures (pain-free grip strength and pressure pain threshold) were applied as in previous studies in our laboratory. 29, 31 Pain-free grip strength was defined as the amount of grip force generated with an isometric contraction prior to the onset of pain. It was measured using a digital dynamometer (MIE Medical Research, Ltd., Leeds, UK) with the upper limb in a standardized position across all trials as recommended in a study of the relationship of elbow position and grip strength. 12 The upper limb was positioned such that with the subject in a supine lying position, the palm of the hand was flat on the treatment couch and adjacent to the subject's side. That is, internal rotation of the shoulder, pronation of the forearm, and slight shoulder abduction to allow for the dynamometer handles to fit between the hand and body. The elbow was in full extension, as this is the most efficient position of the elbow for optimizing grip strength 12 and most probably the most relevant for this condition. 17 A similar upper-limb position has been used in previous research. 4, 29, 28, 35 Participants were instructed to smoothly increase their grip force, and cease squeezing at the onset of lateral epicondylar pain while maintaining the upper limb in the standardized test position.
Pressure pain threshold was obtained by applying the 1-cm 2 rubber probe tip of a digital algometer (Somedic, Farsta, Sweden) at a rate of 40 kPa/s to the most palpably tender site over the lateral epicondyle. The pressure pain threshold was defined as the pressure at which the participant first felt pain. The participant indicated this by depressing a button held in the untested hand.
Independent Variables
There were 2 independent variables in this study: the treatment conditions (diamond taping technique, placebo taping technique, and a no-tape control condition) and the repeated measures over time (pretreatment [baseline] , immediately posttreatment [0 minutes], and 30 minutes posttreatment after tape application).
The diamond taping technique consisted of 4 pieces of approximately 80-to 100-mm-long, 38-mmwide, nonelastic, adhesive-backed sports tape (Smith and Nephew, Brisbane, Australia). These were laid on the skin distally to proximally in a diamond shape, while simultaneously applying a tractional force on the soft tissues towards the lateral epicondyle and perpendicular to the line of the tape ( Figure 1A ). The strips overlapped at their ends and were secured with an additional 4 tape strips, giving the bulging tissues a characteristic ''orange peel'' appearance ( Figure 1B ).
14 This was applied in supine, lying with the elbow in a slightly flexed position. The shape of this taping technique (diamond) is used herein as the name of the technique so as to differentiate the technique from other taping techniques of the elbow, such as the one described by Vicenzino and Wright 32 in their single case report.
The placebo taping technique was formed in an identical diamond pattern but without any overlap of the tape strips and also without any traction of the skin and underlying soft tissues. Subsequently no orange peel appearance was demonstrated (Figure 2 ).
In the no-tape control condition, the subject remained supine for a similar period of time as the treatment and placebo conditions, but no tape was applied.
Experimental Procedure
A placebo control, single-blind, repeated-measures, crossover, experimental study design was employed using 2 independent variables (treatment condition and time). There were 3 levels of the treatment condition (diamond tape, placebo tape, and a notape control) and 3 levels of the time condition (pretreatment, immediately after treatment, and 30 minutes posttreatment). The dependent variables were pain-free grip strength and pressure pain threshold.
After being recruited into the study and screened for inclusion and exclusion criteria, participants were randomly assigned to a sequence of the 3 treatment conditions. The treatment conditions were performed by the same therapist at the same time of the day over a period of no less than 4 days and no greater than 3 weeks. Participants were instructed to avoid stimulants, pain relief medications, anti-inflammatory drugs, and aggravating activities for 24 hours prior to each testing session.
FIGURE 1.
The diamond tape technique evaluated in this study. The anchor point x from which the tape is tensioned longitudinally along the solid lined arrow and laid onto the skin while the skin is pulled in towards the site of pain (broken-line arrow) (A). Note the overlapping ends of the tape and the orange peel effect on the skin with the diamond tape, resulting from the translation of skin away from the tape towards the site of pain (o) as depicted by the brokenline arrows (B).
FIGURE 2.
The placebo tape technique in which the ends of the tape are not overlapping and there was no tension placed through the tape or skin.
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Prior to each testing session, participants completed a pretest questionnaire to verify that their symptoms had not altered significantly between sessions. The most palpably tender site over the lateral epicondyle that replicated the participant's pain and its corresponding point on the unaffected side was identified and marked. Bony landmarks, such as the lateral epicondyle, radial head, radiohumeral joint line and olecranon were used to identify the pain site for the pressure pain threshold test retest, as the orientation of the skin overlying the lateral epicondyle may change following the application of the diamond taping technique.
Three trials of pain-free grip strength and 5 trials of pressure pain threshold measurements were recorded for each of the 3 time intervals on first the unaffected and then the affected side. Between each trial, participants were given a 20-second rest period. The same investigator took all measurements just prior, immediately after, and 30 minutes after treatment. During this 30-minute period, the individual rested without moving the upper extremity being tested.
To ensure the single-blind feature of the study, participants were informed that the study was investigating the impact of 2 different taping techniques. The success of this blinding was verified in a postexperiment questionnaire, which was completed by participants following their final testing session. The responses on this questionnaire indicated that no participant was able to identify the diamond taping technique as the one being specifically investigated.
Reliability
The reliability of the testing procedures in this study was evaluated from the repeated trials in the no-tape control condition at baseline for each measurement. Intratester correlation coefficients (ICC 3,1 ) and an estimate of error expressed as the mean and 95% confidence intervals were the indices of reliability used. Analysis of the repeated trials revealed sound levels of reliability, with an ICC 3,1 of 0.89 and 0.95 for pain-free grip strength and pressure pain threshold, respectively. The mean absolute error and 95% confidence intervals were 24 ± 6.6 N for pain-free grip strength and 36.5 ± 10.7 kPa for pressure pain threshold.
Data Management and Analysis
All repeated trials of pain-free grip strength and pressure pain threshold before and after the application of the treatment condition were averaged and used in subsequent analyses. A 2-way repeatedmeasures analysis of variance (ANOVA) of the effect on pain-free grip strength and pressure pain threshold data of the independent variables of treatment condition and time was performed. The type I error rate was set at 0.05 for these omnibus analyses. Significant interaction and main effects in the omnibus ANOVA were further examined with tests of simple effects. 11 The type I error rate for these tests of simple effects was corrected to 0.008 (ie, alpha level [.05]/number of comparisons [6] ) to account for multiple comparisons between pretreatment and posttreatment application for each treatment condition.
In addition to determining the statistical significance of any difference between means, we also used the estimate of measurement error as a criterion to judge the relevance of any intermean differences. That is, for the difference between means to be meaningful they had to be statistically significant as well as in excess of the estimate of measurement error. This approach was taken because of the lack of any documented expert consensus on what constitutes a clinically significant or relevant effect size and also in view of the small sample size.
RESULTS
The data from this preliminary study demonstrate positive changes in both pain-free grip strength and pressure pain threshold with application of the diamond tape when compared with the placebo or no-tape control conditions. This effect was maintained for 30 minutes after the diamond tape was applied ( Table 1 ). The maximum improvement in pain-free grip strength was on average 24.2% at the 30-minute postapplication measurement time, whereas the maximum positive change in pressure pain threshold was 19.2%. For the placebo and control conditions little change in scores was demonstrated on pain-free grip strength testing.
The results of the ANOVA showed that there was a significant main effect for time (P = .028) for pain-free grip strength and a significant interaction effect between condition and time (P = .024) for pressure pain threshold ( Table 1 ). The interaction plots are shown in Figure 3 . Follow-up tests of simple effects indicated that only the treatment condition (diamond tape) produced statistically significant differences, both immediately postapplication and 30 minutes postapplication for pain-free grip strength (P = .007 and .001, respectively). Similar post hoc tests for pressure pain threshold failed to show statistically significant levels at the corrected type I error level of 0.008 (P = .024 and .047, respectively).
The differences between the pretreatment and posttreatment data for pain-free grip strength (ie, approximately 34 N) were greater than the absolute error of the measure (upper limit of 95% confidence interval, 31 N [ Figure 3] ). In contrast, the change elicited in pressure pain threshold from pretreatment to posttreatment measurements (33 kPa) did not exceed the absolute error of the measure (upper limit of 95% confidence interval, 47 kPa [ Figure 3] ). Prior to the study there was a significant deficit in pressure pain threshold and pain-free grip strength between the affected and unaffected sides (PϽ.05). Pain-free grip strength was on average (±SD) 184 ± 80 N on the affected side and 256 ± 84 N on the unaffected side (a deficit of 28.1%). Pressure pain threshold exhibited less of a side-to-side difference (15.8%) with the threshold (±SD) for the affected side being 241 ± 97 kPa compared to 286 ± 107 kPa for the unaffected side.
DISCUSSION
The data of this preliminary study demonstrated that the application of a diamond tape improved pain-free grip strength both immediately and 30 minutes after application in participants with chronic lateral epicondylalgia. This is the first study to our knowledge that has shown such an effect with a taping technique applied to the elbow. A possible clinical ramification of this finding is that the diamond tape could be used to facilitate the pain-free implementation of an exercise rehabilitation program for chronic lateral epicondylalgia. The mean increase in pain-free grip strength in this study was 24%, which is similar to the 22% reported by Burton. 5 The similarities do not extend to the study design, as Burton's study 5 was a case series study with no placebo or control conditions. The findings of our study are far greater than the reported value of approximately 5% change in painfree grip strength in a placebo control study of counterforce bracing in 50 individuals with lateral epicondylalgia. 35 Other studies of counterforce bracing in people with lateral epicondylalgia have reported that maximum grip strength showed similar increases (approximately 4% to 5%) 6, 33 to that measured in the study of Wuori et al. 35 The differences in improvement in pain-free grip strength between the studies could not be attributed to different baseline deficits in the affected arm, as both our study and that of the only other comparable study of Wuori et al 35 had cohorts with similar deficits in pain-free grip strength (28% current study to 33% for Wuori et al 35 ). A major difference between studies was the test position used to measure pain-free grip strength. The current study and that of Burton's 5 tested grip strength in extension of the elbow, whereas the others 6, 33, 35 had the elbow in 90°of flexion. It is difficult to make a definitive statement as to the impact of different test positions on the study's results, but it is possible that the different test positions may have contributed to the differences in findings between studies. The other major difference between studies was the physical therapy treatments under evaluation. Our study evaluated an adhesive taping technique that was almost exclusively restricted to the dorsolateral aspect of the elbow and proximal forearm. The counterforce brace used in the other studies 5, 6, 33, 35 wrapped circumferentially about the forearm and applied pressure onto all surfaces of the forearm approximately 2.54 cm distal to the lateral epicondyle. Possibly the difference in stimulus provided to the underlying soft tissues by the tape and orthoses account for the difference in effect.
This study also showed that application of diamond tape resulted in positive changes of pressure pain threshold scores compared to a placebo or no-tape control condition, although these results did not reach statistically significant levels. The reason for lack of statistical significance may be due to the relatively small effect size (d = 0.25) and low sample size (n = 16). A study with a larger population group is now recommended to further evaluate the effect of the diamond tape on pressure pain threshold. Alternatively, the 15.8% deficit in pressure pain threshold between the affected and unaffected sides measured in the screening session was small in comparison to previous studies 28, 29 in our laboratory that had approximately 50% deficits in pressure pain threshold. The small deficit in our study group may indicate that we studied a mild form of lateral epicondylalgia with a potentially smaller available effect size.
Indeed if comparisons are made of percentage improvements in pressure pain threshold following application of the diamond tape (19.2%) with those of studies investigating the effect of a cervical lateral glide (25%-30%), 29, 28 or a local mobilization with movement (MWM) technique (10%-15%), 31 the results of this study indicate that the diamond tape produces positive changes in pressure pain threshold to a similar extent to that of other physical therapy modalities used in the treatment of lateral epicondylalgia.
A previous study of a taping technique similar to the diamond taping technique used in the current study, but applied to the thoracic spines of 24 asymptomatic participants, showed that it did not change pressure pain threshold beyond that of placebo or control conditions. 16 Possibly this indicates that the presence of a painful condition is essential for this taping technique to have an effect, the implication being that it is primarily a physical therapy modality for the treatment of pain. 14, 16 McConnell, 14 the originator of this mode of taping, has speculated that the main mechanism of action of this treatment is to provide pain relief that allows for improved movement and function. Although we did not find a significant improvement in pressure pain threshold, the diamond tape in this study may have influenced pain perception to a sufficient degree to allow the participants to produce higher forces in the pain-free grip strength test. Pressure pain threshold only measures 1 aspect of pain perception in lateral epicondylalgia, which is a complex phenomenon. 24 Previous studies of counterforce bracing in individuals with lateral epicondylalgia have shown that visual analogue scales of pain perception show a mixed response to the brace and grip testing. Wuori et al 35 showed an increase in pain with the brace in place, whereas Wadsworth et al 33 showed no significant change. Coincidentally, pain-free grip strength changes were not statistically significant in the study by Wuori et al 35 and only very small (but significant) in the study by Wadsworth et al. 33 These findings from studies of orthoses, when taken with the results of our current study on the diamond tape, further suggest that for the taping techniques to be successful in improving pain-free grip strength (as a surrogate measure of disability 20 ) they must also not exacerbate elbow pain.
Our findings on the differences between the diamond and the placebo tapes are further strengthened by the responses to the poststudy questionnaire, which found that none of the participants were aware of the true purpose of the study at the time of their involvement-that is, they were blind to which treatment (diamond or placebo tape) was intended to have an effect. Another potential source of bias could have been the unblinded tester who measured pressure pain threshold and pain-free grip strength. Taking these measurements from participants who have either the diamond or placebo taping techniques on their elbows prevents the tester from being blinded. The impact of this potential source of bias on this study's data is minimal because both outcome measures do not rely on the tester's judgement or perception. Instead, the measures rely on the participants' perception and ability to judge the pain threshold. Given that the participants could not differentiate between the diamond and placebo tape, we are confident that the findings of this study were not biased or inadvertently compromised by either the participant or investigator.
It is tempting to speculate as to the mechanism of action by which the diamond taping technique achieved its effects in improving pain-free grip strength. Two explanations could be considered. One possibility relates to a direct mechanical effect on the muscles of the forearm, presumably by somehow improving internal muscle mechanics or by protecting the damaged tissue from excess force 23 and, as a result, improving grip strength. This theory of mechanical effect on muscle is similar to that postulated, but not proven, for orthotic braces for this condition. 27 Another possible model of the mechanism of action for diamond taping in lateral epicondylalgia relates to its neurophysiologic effects on the nervous system, particularly the nociceptive system. In this neurophysiological model the tape may exert an effect on grip strength by primarily altering pain perception, either locally at the elbow by inhibiting nociceptors, facilitating large afferent fibre input into the spinal cord and/or possibly by stimulating endogenous processes of pain inhibition. The null finding for the pressure pain threshold measure in this study does not support the neurophysiological model, but pressure pain threshold measures only represent 1 small aspect of the pain and disability perceived by individuals with lateral epicondylalgia.
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CONCLUSION
This preliminary study demonstrated an ameliorative effect of a diamond tape technique on pain-free grip strength in individuals with chronic lateral epicondylalgia. The data suggest that this treatment modality may be a useful adjunct in the management of this condition where it would serve to optimise the imposed loads on the forearm muscles during exercise and functional rehabilitation.
